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MARTIX ELEMENTS WITH WILSON FERMIONS

Rajan GUPTA

T-8, MS-B285, Los Alamos National Laboratory, Los Alamos, NM 87545, USA

In collaboration with D. Cancel, G. Kilcup, A. Patel and S. Sharpe.

Highlights of the results for the spectrum, meson decay constants J* and j;’, the chiral parameters
mq and ~v, and the Kaon B Parameter are presented. The calculation was done using 35 quenched
163 x 40 lattices ●t 3 = &O using Wuppertal and Wall smeared sources, We show that smeared sources
Improve the signal significantly, consequently we are ●ble to improve the quality of results for a number

of the phenomenobgically interesting quantities.

1. I.NTRODUCTION: In this talk I summarize
results obtainad with Wil~n fermions using smeared

sources. The details ●re given in Refs. [1] ●nd [2],

and I use the same notation to briefiy describe the
new developments The calculation was done using

two values of the quark maaa corresponding to a pion
mam of = 660 and 540 A9cV. Periodic boundary

condition= were used in all four directions in calcu-
lating the quark propagators. In the analysis we only

consider hadrcms made of degenerate quarks, so our
results have maximum validity in the limit of SU(3)
flavor symmetry,

2. SURPRISES IN HADRON SPECTRUM:
The two motivations f~ using non-local murces

are (a) to improve the overlap with the desired best

state and (b) to improve the signal in the brig-time

behav;~ of the 2-point correiatom. The results of
our comparative study are that this improvement is

achieved both with the W~ppartal source (we used
a smearmg radius of 4-4,5 lattice units) and with

wall source propagators. There are clear plateaus in
~ne effectwe maw pbts for tlw r and p channels
,~nd one can extract the ●symptotic mass estimate

with confidence, The plateaus in the ba~n chan-

nels (Nuc!eon and i) extend over &8 tim~slices

with each of the two sources and one gets what looks
IIke a convmcmg wgnal, however, comparmg the re

SUI’s from the tm sources expom a disturbing fea-

ture The two es:lmates are significantly different;

the wall wurct ●s?lmate are 1 - 3 standard devla-

t ions lower as sham m Flg 1. It IS not yet known
whether this ddference IS present because neither es-

timate IS asymptotic or due to a source dependent

finite volume ●ffect. Ther*fore, we advocate further
tests using different sources, operators and boundary
conditions to determine how best to extract asYrnp-
totic mass estimates for baryons,
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Fig, 1. Comparison of the dbtive rr]~xi ::,r j.

nrlcfeon and A obtained ming }t”uppf’rf:ti ,1%“

and wd .wurce propagators ~L k~”)

3. MESON DECAY COKSTANT!5
To calculate decay constants using quark i;r r)]

gators with non-local sources one needs to ,:JI~II’ I’.’

both smeared-loca! ●nd smeared-smeared ~ur?fi IF 1.,
The relevant matrix ●lement can then bc •tr~,~ !.. :

from the amplitude of the two 2-point correl }! ,? :..

shown In Raf [1] (see Eq 5 2). one can ;,*. . ,.. ,
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:-e t’;~s correlators In a number of related ways and

:he difference between the results IS a measure of

the systematic ●rrors. We used four such combina-

tions to determine -;- and two for ~1”, and find that

:he results are consistent –- the variation between

methods is comparable to the statistical ●rrors, Fur-
thermore, at LattlceSl new results from the three

groups APE [Ref. 5], QCDPAX [Ref. 6], and us were
found to be m good agreement. A major improve-

ment over prwious calculations is seen for ~t-; the

new results are In much better agr~ment with ●x-

perlmental data as shown in Ftg 2.

4. CHIRAL PARAMETERS q and ~u:
With Wilsan fermions the chiral parameters mq

and U u) ~q -o have to be extracted from combi-

nations of 2-point correlator~. 1~ Ref. 1 (see Eqs.

74-7 10) we describe the different combinations of

correlators that can be USA and show they give con-
sistent results. TO get ~~~)rnf=o, w sh- that a
linear ●xtrapolation to the chiral limit of results ob-

tained at finite mq is reiiahla. To compare lattice

results with continuum values one has to include the
renormalization constants Zt+, 2P and 2s, which are

not well determined (estimates made using perturba-
tion theory can be uncertain by a factor of up to 2).
Present lattice ●stimates are not in ●greement with
phenomenological values: we find that m. comes out
a factor of 2-3 too small while {L~UJmc=o is corre

spondlngly a factor of 2=3 too large. Including the Z
factorz significantly reduces the difference, h~ver,

we cannot yet ascertain how much of the remam-
Ing discrepancy is due to quenching, [n ●ny case

we need to determme the renormalization constants

much more precisely, or b~tter still use an irnprovd

action for which the 2s take on values closer to 1,0
~nd have much smaller (2! a I artifacts.

In prwous calculations on. has found a large

?Iflwence between mtlmatw obtained using When
Jnd staggered fermlons The good news IS that on

:smparlng r~sults for Wdson fermmns with those
from staggered fermlons [Ref 3] we find consistency

once one takes Into account the sizable systemttlc
.}nd statistical errors m the tvw estimates For this

camparmcn we uzed the same set of Iattlces tt .j =

I: II and used smeared propagators In both cases

3. K(\031 B PARAMETER
In order tc extract f?h ({w background ●nd

phmnmmological Imphcatlons see talk by Idartlnelh.
Fqf 7) we wish to calculate the matrm element I ,\f }:

0.2

F

o this work
x Ref. 4
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In chiral perturbation theory itbehaves ●s 1.1~ --

?KPK .PK where 7K = 813 j~-13A-, and ;II ~r~ .
are the on-shell four-momenta of the ●xternal s:~tes

so that pK. p~ = .}fK /~7. Unfor!un I!?”:,

with Wkon fermions chiral symmetry IS broktn Y i -

plicitly by the r term and the ●xpansion tJkes -~
form

where the terms proportional to ~, J anti - .)r~ .,-

physical contributions and suppressed by an~ ~ ;.Q,”-

of the lattice spacing a, Using the perturb.~t .- ,.
improved operator O (see Eq. 2,3 In Ref 2} 51 : . :

reduce the lattice artifacts, but wdl not ~’:~,- IO-

them completely because It is only an appm~lm I. ‘.

to the operator with th~ desired continuum :.’;’ }, “

One can ●hrmnate both tr ●nd .i at a flxw! . ! . .

ftfh by uwng the non-perturbatwe m~th~ : B .

m~ntum subtraction [Refs 2, 81 Fcr ●w~..I:’ .’

calculating the mat~’x element nf O for twf” : I . I

va;ues of f; and taking the dAfcrence on? g-” .

MhI~iI-MKIO, = I-. +IA I.\! AI}.”, /II ‘..’

In practice we calculate
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at ●ach value of K, where by BA-I pI we mean the
ratio of the matrix ●lement to it’ VSA value, both

. calculated on the lattice at finite momentum trans-
fer. For this method to be viable there should be

1 a signal in the correlators at finite momentum, and

~ should be small such that the quartic and higher
terms neglected in Eq. 2 are small. This method

does not remove the third unphysical coefficient ?:
we hope that, in ● future calculation, using 0 with

an improved action will take care of it.

The calculation of the matrix elements using

smeared sources is done as fo;l~: a wall source
at t = O produces a zero momentum kaon which
prOf2d@G fol a time t, ●t which pdnt the opera-

tor inserts momentum J, ●nd the resulting ~ with
n,omentum ~ then propagates the remaining ( .V1-t )

timeslices until it is destroyed by a Wuppertal source,
As a consistency check we show, in Ref. [1], that the

Wuppertai source correlators have significant overlap
with the lowest few momenta allowed on the iattlce,

and the zero momentum wall -urce pion “reaches’”
the region in which there is a signai for the non-zero
momentum kaon. An ●xample of the quality of the
slgnai for J9K using @ is shwn in Fig. 3.

~~
I ‘11’-l

large cancellation of the different },f~, C~C;q.:-+.: ,

since the coefficient of the perturbative ccrre~::.:- s

‘J ●,le mixing induces at most a 2 ‘ “=2. X1O — .)
●ffect. Simiiarly, the l-loop renormalization c?’:nq :-
fermi L L operator is largely canceiled by Z -i nae:: i

to renormalize the VSA. Thus, overaii the 1-:CCE.:;J-
rections are 5 - 10%, i.e. comparable to the S:J: :-
tical ●rrors in individual .IfE.

Our best estimates after performing the -:-
mentum subtraction are

BA-(K = 0.134) = o.fXl~25~ .

BA-(K = 0.155) = o.74~271 . :

Our data give 0-0,003, J e 0.02 and --- -;. -.
0.013, which shows that the lattice ●rtifacts ar~ l~rge

We compare our Wilson results with Staggerea

data at same 3 and roughly the same pseudcsca;3r

masses as given in Ref. [9]. The estimates ~f L?;.,J~e

consistent, though the ●rrors in the Wilson estlmats

are larger by a factor of 10. ● iarge part of whlcn

is due to the process of momentum subtraction ,n

addition, we mention that the individual axial-axl.~1
●nd vector-vector terms are also comparable and fur.
thermore, sh~ similar chirai behavior [Ref 21

To conclude, we believe that the method cf ~c

mentum subtraction works and future high s!~:lstif.:

calculations using an improved action WIII JI!GLGI,1
to calculat~ BK reliably with Wilson fermlons J!SO
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